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J. 

APPARATUS AND METHOu FOR 
DETERMINING DEFORMABIKCTY OF 
RED BLOOD CELLS OF A LIVING BEING 

Field of the Invention 

This invention relates generally to medical 
instruments for and methods of determining the def ormability 
of red blood cells in a living being* 

Background of the invention 

Conventional wisdom in the medical community used 
to be that heart attacks and strokes were primarily 
attributable to severe narrowing of the arteries due to 
vascular disease, e.g., atherosclerosis and/or arterioscle- 
rosis. However, it has been found that even in some 
patient's free of substantial arterial disease, or other 
high risk factors, e.g., high cholesterol, high blood 
pressure, etc., the risk of heart attack/stroke is still 
great. Thus, today many investigators are focussing upon the 
blood's constituents, physical characteristics, and its 
effects (sometimes referred to as "hemodynamic effects") upon 
the vascular system and associated organs to identify heart 
attack/stroke risk factors and from that knowledge develop 
effective therapy. Moreover, hemodynamic effects of the 
blood may, per se, play a role in the etiology of arterial 
disease. 

Thus, one characteristic of the blood now being 
investigated from a hemodynamic standpoint to determine its 
affect on vascular disease and the risk of heart attack 
and/or stroke is the effect of the deformability of the red 
blood cells on the being. 

Objects of the Invention 

Accordingly, it is the general object of this 
invention to provi^^^ and methods of 4®termining the 

deformability of the red blood cells of a iiVing being. 

It is a further object of th;Ls invention to 
provide apparatus and methods of determining the deform- 
ability of the red blood cells of a living being at 
substantially the time that those cells flow through the body 
of the being. 
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It is still a further object of this invention to 
provide apparatus for determining the defor^ability of the 
red blood cells of a living being, which apparatus is simple 
in construction, easy to use, and accurate. 

Rtimmarv »f the Invention 

These and other objects of the instant invention 
are achieved by providing apparatus and a method for 
determining the defonaability of the red blood cells of a 
living being. 

The apparatus basically comprises sampling means 
arranged to be coupled to a blood vessel of the being for 
monitoring a portion of the being's blood at substantially 
the time that portion of the blood is flowing through the 
blood vessel to determine the deformability of red blood 
cells. 

in one embodiment of the apparatus the sampling 
.eans comprises means, e.g., a needle, to enable the portion 
of the blood to flow into passageway means. That means 
comprises first and second passageways for the red blood 
cells to freely flow therethrough, and a restricted 
passageway between the first and second passageways. The 
cross sectional area of the restricted passageway is smaller 
than that of a typical red blood cell. First laeans, e.g., a 
pair of solid state transducers, are provided for determining 
a pressure differential between two longitudinally spaced 
apart points in the first passageway. Second means, e.g., 
another pair of solid state transducers, are provided for 
determining a pressure differential between two longitu- 
dinally spaced apart points in the second passageway. Third 
means is provided for establishing the flow rate of the 
portion of blood flowing through th^ sampling means adjacent 

■ 't^i^ldiiffir^'^Th^^ 

abilimy of the red blood c^lls to b^ <ietermined. 

in another embodiment of the apparatus the 
sampling means comprises means, e.g., a needle, to enable the 
portion of the blood to flow into passageway means. The 
passageway means comprises a passageway for the red blood 



cells to flow therethrough and is of tapering cross sectional 
area between a distal end whose cross sectional area is 
greater than that of a typical red blood cell and a proximal 
end whose cross sectional area is less than that of a typical 
red blood cell. Viewing means, e.g., a microscope, is 
provided to view the red blood cells at different 
longitudinal positions along the tapering passageway to 
thereby enable the direct visual determination of their 
deformability. 

Brief Description of the Drawings 

Other objects and many of the attendant advantages 
of this invention will be readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with the 
accompanying drawings wherein: 

Fig- 1 is a sectional view, partially schematic, 
showing one embodiment of the apparatus of this invention and 
for carrying out one method of this invention; 

Fig. 2 is an enlarged sectional view taken along 
lines 2 - 2 of Fig. 1; 

Fig. 3 is an enlarged sectional view taken along 

lines 3 - 3 of Fig. 1; 

Fig. 4 is a view, similar to that of Fig. 1, but 
showing an alternative embodiment of the apparatus of this 
invention and for carrying out another method of this 
invention; and 

Fig* 5 is an enlarged view, partially in section, 
showing a portion of the details of the apparatus shown in 
Fig. 4. 

Detailed Description of The Preferre d Embodiment 

Referring now in detail to the various figures of 
tf^ drawing wherein like rei^ferenxie^dhai^ 

parts, there is shown at 20 in Fig. 1 one embodiment of 
apparatus constructed in accordSribe^^^^^V^ 

invention. The apparatus 20 is arranged for withdrawing a 
sample of the blood of a living being at a controlled rate 
and determining the deformability of the red blood cells 
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thereof substantially contemporaneously with the flow of such 
cells within the being's body, e.g., from a few milliseconds 
to a few seconds after withdrawal. 

The apparatus 20 basically comprises a pair of 
components, namely, a sampling unit 22, and an associated 

control/analysis unit 24. , ^ . , 

The sampling unit 22 will be described in detail 
later. Suffice it for now to state that it includes a 
hypodermic needle arranged to inserted within a suitable 
blood vessel 26 of the being to withdraw a sample of blood at 
a controlled rate and to pass that sample through a 
constriction while monitoring pressure drops on either side 
of the constriction to provide electric signals to the 
control/analysis unit 24. That unit is arranged to be 
located remote from the sampling unit and utilizes the 
signals from the sampling unit to calculate the def ormability 
of the red blood cells. In particular the def ormability of 
the red blood cells is readily calculated by the unit 24 
using software in it, without requiring manual interaction. 

The sampling unit 22 basically comprises a 
syringe-like body 28 having a hypodermic needle 30 located at 
its free end. The syringe-like body 28 includes a hollow 
rear portion 32, formed of any suitable material, e.g., 
glass, in which a moveable piston 34 is disposed. The front 
of the body is in the form of a pair of axially aligned tube 
sections 36 and 38, each of a predetermined inner diameter, 
eg 2 to 3 mm, and length, e.g., 3 cm, and which are 
connected by a substantially reduced inner diameter capillary 
tube section 40. The tube section 40 merges into the tube 
sections 36 and 38 via respective conical sections 42 and 44, 

. respectively, ^m M M^-^^^ ^^'^^Z ''''' 

and 44 being approximately 4 cm. 

The tube section 40 is ; of const^^^^ 
and is smaller than the diameter of a typical red biood cell 
so that in order for red blood cells to pass therethrough 
they will have to deform. In accordance with a preferred 
embodiment of this invention the inner diameter of the 



capillary tube section 40 is 5 m (a typical red blood cell 
has a diamet r of approximately Bum), All of the tube 
sections 36-44 are in fluid coromunication with each other, 
with the hypodermic needle 30, and with the interior of the 

body portion 32. 

The needle 30 in arranged to be inserted through 
the skin of the being into the interior of his/her blood 
vessel 26, e.g., an artery in the arm, and the apparatus 
operated (as. will be described later) to withdraw blood at a 
controlled rate from the vessel through the tube sections 36- 
44. Means are provided associated with the tube sections 36 
and 38 to provide signals indicative of pressure drops along 
predeterminedly spaced- sensors located in those tube 
sections. These signals, coupled with signals indicative of 
the flow rate of blood through those tube sections (to be 
described later), are utilized by the control/analysis unit 
24 to calculate the defonnability of the red blood cells. 

As will be appreciated by those skilled in the art 
if the blood of the being contains deformable red blood 
cells those cells will be able to freely pass through the 
capillary tube section 40, whereupon the pressure drop in 
sections 36 and 38 will be the same. If however, the red 
blood cells exhibit some non-defbrmability their passage 
through the capillary tube section will be impeded by the 
small diameter of that tube section, whereupon the pressure 
drop in section 38 will be less than that in section 36. If 
the red blood cell are non-deformable the pressure drop in 
section 38 will be significantly less than that in section 
36. 

The signals indicative of the pressure drops in the 
tube sections 36 and 38 are provided by two pairs- of solid 
st-a%e>'^i'!^tS'^-^ifeeiic^^ Wah^dUGMrS'i:- ^In^ 

this regard a pair of solid state transducers 46 and 48 are 
located within the sidewall ol ihe tulae sect 36 and are 
flush with the inner surface thereof. A similar pair of 
transducers 50 and 52 are located within the sidewall of the 
tube section 38 and are flush with the inner surface thereof. 



The transducers 46 and 48 are longitudinally spaced from each 
other by a fixed, predetermined distance L, e.g., 1.5 cm. 

Each transducer 46 and 48 is electrically coupled, 
via an associated conductor 54, to the control/analysis unit 
24 to provide signals indicative of the drop in the pressure 
of the blood in the distance L between the two transducers 
in particular, these signals, are provided to a computer and 
signal processor 56 forming a portion of the unit 24. In a 
similar manner the transducers 50 and 52 are longitudinally 
spaced from each other in the tube section 38 by the same 
fixed, predetermined distance L and each is electrically 
coupled, via an associated conductor 58, to the computer and 
signal processor 56 to provide signals indicative of the drop 
in the pressure of the blood in the distance L between those 

two transducers. 

The computer and signal processor 56 can be of any 
suitable construction, e.g., a microprocessor and associated 
storage means, having software in it to effect the 
calculation of the red blood cell deformability from the 
electrical signals provided to via conductors 54 and 58 and 
from electrical signals indicative of the flow rate of the 
blood through the tube sections adjacent the transducers. 

The rate at which the blood is withdrawn by the 
apparatus 20 is established by the rate of rearward movement 
of the piston 34 within the syringe body 32. That rate xs 
established by driver means comprising a driver motor and an 
associated rack and pinion assembly 60. Signals to control 
the speed of operation of the drive motor and rack and pmon 
assembly 60 are provided from a flow rate controller 62. The 
flow rate controller forms a portion of the control/ analysis 
unit 24. in accordance with a preferred embodiment of this 
' inventibh'^- Se ^Pi^f ^t-W^-5f ^-. V.riOus. 

different speeds in ac^cprdance with either manual input 
signals 64 provided to the controller 62 or by automated 
signals from the computer and signal processor 56 via lines 
66 Those lines also serve to carry signals indicative of 



the flow rate (as established by the flow rate controller) to 
the control/analysis unit» 

In Figs. 4 and 5 there is shown an alternative 
embodiment of apparatus 100 for effecting the deteraination 
of the deformability of the red blood cells of the living 
being. The apparatus 100 differs from apparatus 20 in that 
apparatus 100 determines deformability by direct 
visualization of the red blood cells. The apparatus 100 
basically comprises a blood sampling unit 102, and an 
associated visualization system 104. The sampling unit 102 
is arranged for withdrawing blood at a controlled rate from a 
blood vessel 26 of the being to selectively determine the 
viscosity of a portion., of blood withdrawn and to provide 
another portion of the blood withdrawn to the visualization 
system 104 where the deformability of its constituent red 
blood cells are visually examined. 

The sampling unit 102 is in the form of an 
elongated, e.g., 3 cm long, hollow body or tube 106 formed of 
any suitable material, e.g., stainless steel, and having a 
constant internal diameter, e.g., 4 mm. A hypodermic needle 
108 is mounted on the end of the tube 106 and is in fluid 
communication with the tube's interior. The sampling unit 
102 also includes a two-way, diverter valve 110 which is 
connected to the tube 104. In particular the valve 110 is 
mounted so that its common input port llOA is in fluid 
communication with the interior of the tube 104. The valve 
110 includes a pair of output ports. One outlet port 112 is 
connected to and in fluid communication with a syringe-like 
member 114 also forming a part of the sampling unit 102. 

The other outlet port 116 of the valve 110 is 
connected to the input to the visualization system 104. That 
system vH/l in detail i^tet Sxitf ice it tor how 

to state that the visualization sfystem includes a tubular, 
conically shaped, passageway 118 formed of a transparent 
material, e.g., glass, and whose internal diameter tapers 
downward linearly to a size which is smaller than the 
diameter of a typical red blood cell. In the embodiment 
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Shown herein the passageway tapers from a maximum internal 
diameter of approximately 20 /xm to a minimum internal 
diameter of approximately 5 /im. The passageway 118 serves as 
a conduit through which red blood cells are selectively drawn 
to enable them to be viewed directly as they deform or 
attempt to deform to pass out of the small end of the 
passageway. 

The apparatus 100, in addition to providing for 
direct visualization of the deformability of the red blood 
cells also effects the calculation of the viscosity of the 
blood portion withdrawn by the apparatus. This data is 
correlated to the perceived (viewed) deformability to provide 
very meaningful data regarding the deformability of those 
cells. 

The apparatus 100 includes a pair of piezoelectric 
crystal pressure transducers 120 and 122 are disposed within 
respective holes in the sidewall of the tube 106 flush with 
the inner surface thereof (like the transducers 46 and 48 
described with reference to apparatus 20). The transducers 
120 and 122 are longitudinally spaced apart by a 
predetermined distance, L, e.g., 1.5 cm and are connected via 
respective conductors 124 to a control/analysis unit 24 (like 
that described heretofore) . In particular the conductors 124 
are connected to a signal processor 56 to provide signals 
indicative of the drop in the pressure of the blood in the 
distance I. between the two transducers as blood is withdrawn 
by the apparatus 100. The computer and signal processor 56 
can be of any suitable construction, e.g., a microprocessor 
and associated storage means, having software in it to effect 
the calculation of the viscosity from the electrical signals 
provided to it. -niose sigii§As pon^tyitu^e tlie p^^ drop 
siihS i>rovided f roni the transducer^/ ^is we^li ^tetrical 
signals indicative of the flow rate of the blood adjacent the 
transducers and the other parameters (to be described later) . 
In addition the computer and signal processor 56 provides 
signals to the valve 110 via lines 126 to control operation 
of the valve. Signals indicative of the valve's state are 



provided via those lines back to the computer and signal 
processor 56. 

The computer and signal processor 56 has stored 
therein data representing the value of the distance 
separating the transducers 120 and 122 • That data, together 
with the flow rate Q of the blood (provided via a signal from 
the flow rate controller 62) enables the computer and signal 
processor to calculate the viscosity of the blood. In 
particular the instantaneous blood viscosity, rj, is 
calculated by the computer and signal processor 56 in 
accordance with the following formula where D is the inner 
diameter of the tube 106, ap is the pressure drop between 
transducers 120 and. 122, L is the distance between the 
transducers, and Q is the blood volume flow rate: 

4 

TT D aP 

J7 = 

128 LQ 

As can be seen in Fig- 2 the syringe-like unit 114 
basically comprises a tubular body 128 in which a piston 130 
is located. The piston is similar to that described hereto- 
fore with reference to the apparatus 20 and is driven by 
similar driver means under the control of the flow rate 
controller 62. Thus, with the diverter valve adjusted to 
connect its input port to the syringe-.like unit 114 and with 
the hypodermic needle disposed within a suitable blood 
vessel, e.g*, artery, 26 the rearvard movement of the piston 
134 withdraws some blood from the artery at a controlled rate 
and causes that blood to pass through the tubular portion 106 
of the apparatus where the pressure drop across the trans- 
ducers is monitored. From those signals the apparatus 100 
calculates the viscosity of the withdrawn blood. 

The visualization system 104 comprises the 
heretofore icientif ie<S ^ajper^ passageway^^ tfeli 
illuminating means 132, and viewing means 134 (Fig. 5) . The 
illuminating means preferably comprises a conventional laser, 
e.g., a lOmW green laser, for producing a small diameter, 
e.g., 20 ^m, laser beam 136 and directing that beam through 
the tapered passageway 118 to illuminate the red blood cells 
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140 passing through the beam. The viewing means 134 
comprises any suitable device such as an optical »»icroscope 
and/or a video or st:ill camera to enable the illuminated red 
blood cells to be examined visually and, if desired, recorded, 
on some media, e.g., film, magnetic tape, etc. 

in accordance with a preferred embodiment of this 
invention the passageway 118 is arranged to be shifted 
longitudinally so that the laser beam 136 can pass through 
any portion of the tapered passageway 118. Thus, the 
deformability of the red blood cells can be quickly 
determined and correlated to the viscosity of the blood 
withdrawn to provide meaningful information. 

Without further elaboration, "the forgoing will so 
fully Illustrate my invention that others may, by applying 
current or future knowledge, readily adopt the same for use 
under various conditions of service. 
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CIAIMS 

What is claimed is: 
1. Apparatus for determining in vivo the 
defonnability of the red blood cells of a living being, said 
apparatus comprising sampling means arranged to be coupled to 
a blood vessel of said being for monitoring a portion of the 
blood of said being at substantially the time that said 
portion of said blood is flowing through said vessel to 
determine the deformability of said red blood cells, said 
sampling means comprising at least one passageway through 
which said portion of said blood of said being flows 
therethrough, said sampling means providing information 
indicative of the deformability of said red blood cells as 
said portion of said blood flows through said passageway. 

2. The apparatus of Claim 1 wherein said apparatus 
is arranged to maintain the temperature of said blood as it 
is monitored by said sampling means. 

3. The apparatus of Claim 1 wherein said apparatus 
is arranged to isolate said portion of said blood from the 
ambient atmosphere - 

4. The apparatus of Claim 2 wherein said apparatus 
is arranged to isolate said portion of said blood from the 

ambient atmosphere. 

5. The apparatus of Claim 1 wherein said informa- 
tion provided by said sampling means is an electrical signal. 

6. The apparatus of Claim 2 wherein said informa- 
tion provided by said sampling means is an electrical signal. 

7. The apparatus of Claim 3 wherein said informa- 
tion provided by said sampling means is an electrical signal. 

8. The apparatus of Claim 4 wherein said informa- 

means is arranged to withdraw said portion ot saW bJ,^ froB 
said vessel. 

10. The apparatus of Claim 5 wherein said samplim 
means is arranged to withdraw said portion of said blood froi 
said vessel. 
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11 The apparatus of clata 6 wherein sala sampling 
means is arranged to withdraw said portion of said blood fro- 
said vessel. of Claim 7 wherein said sampling 
means is arranged to withdraw said portion of said blood from 
said vessel. ^^^^^^^^^ claim 8 wherein said sampling 
means is arranged to withdraw said portion of said blood from 
said vessel. ^^^^^^^^^ „j claim 9 wherein said sampling 
means comprises a first passageway for said red "ood cells 
to freely flow therethrough, first means for determining a 
pressure differential between two longitudinally spaced apart 
^ints m said first passageway, restricted passageway means 
coupled to said first passageway and whose cross sectional 
::ris smaner than that of a typical red blood cell, second 
passageway means coupled to said restricted passageway means 
for said red blood cells to freely flow therethrough, second 
means for determining a pressure differential between two 
longitudinally spaced apart points in said second passageway 
and third means for establishing the flow rate of saxd 
portion of said blood flowing through said sampling means 

adjacent said points. 

15 The apparatus of claim 10 wherein said 
sampling means comprises a first passageway for said red 
blood cells to freely flow therethrough, first means for 
determining a pressure differential between two longitu- 
dinally spaced apart points in said first passageway 
restricted passageway means coupled to said first P--^-''^ 
ana Whose cross sectional area Is smaller than that of a 

said restricted passageway means for said red blood cells 

pressure differential between two longitudinally spaced apart 
^ints in said second passageway, and third 
Ltablishing the flow rate of said portion of said blood 
flowing through said sampling means adjacent said points. 



13 



16. The apparatus of Claim 11 wherein said 
sampling means comprises a first passageway for said red 
blood cells to freely flow therethrough, first means for 
determining a pressure differential between two longitu- 
dinally spaced apart points in said first passageway, 
restricted passageway means coupled to said first passageway 
and whose cross sectional area is smaller than that of a 
typical red blood cell, second passageway means coupled to 
said restricted passageway means for said red blood cells to 
freely flow therethrough, second means for determining a 
pressure differential between two longitudinally spaced apart 
points in said second passageway, and third means for 
establishing the flow rate of said portion of said blood 
flowing through said sampling means adjacent said points. 

17. The apparatus of Claim 12 wherein said 
sampling means comprises a first passageway for said red 
blood cells to freely flow therethrough, first means for 
determining a pressure differential between two longitu- 
dinally spaced apart points in said first passageway, 
restricted passageway means coupled to said first passageway 
and whose cross sectional area is smaller than that of a 
typical red blood cell, second passageway means coupled to 
said restricted passageway means for said red blood cells to 
freely flow therethrough, second means for determining a 
pressure differential between two longitudinally spaced apart 
points in said second passageway, and third means for 
establishing the flow rate of said portion of said blood 
flowing through said sampling means adjacent said points. 
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18. The apparatus of Claim 13 wherein said 
sampling means comprises a first passageway for said red 
blood cells to freely flow therethrough, first means for 
determining a pressure differential between two longitu- 
dinally spaced apart points in said first passageway, 
restricted passageway means coupled to said first passageway 
and whose cross sectional area is smaller than that of a 
typical red blood cell, second passageway means coupled to 
said restricted passageway means for said red blood cells to 
freely flow therethrough, second means for determining a 
pressure differential between two longitudinally spaced apart 
points in said second passageway, and third means for 
establishing the flow rate of said portion of said blood 
flowing through said sampling means adjacent said points. 

19. The apparatus of Claim 14 wherein each of said 
first means and second means comprises a pair of solid state 
transducers . 

20. The apparatus of Claim 15 wherein each of said 
first means and second means comprises a pair of solid state 
transducers. 

21. The apparatus of Claim 16 wherein each of said 
first means and second means comprises a pair of solid state 
transducers . 

22. The apparatus of Claim 17 wherein each of said 
first means and second means comprises a pair of solid state 
transducers . 

23 . The apparatus of Claim 18 wherein each of said 
first means and second means comprises a pair of solid state 
transducers. 
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24. The apparatus of Claim 9 wherein said sampling 
means comprises a first passageway for said red blood cells 
to flow therethrough said first passageway being of tapering 
cross sectional area and having a distal end whose cross 
sectional area is greater than that of a typical red blood 
cell and having a proximal end whose cross sectional area is 
less than that of a typical red blood cell, and viewing means 
to view said red blood cells at different longitudinal 
positions along said first passageway. 

25. The apparatus of Claim 24 additionally 
comprising means for establishing the flow rate of said 
portion of said blood through said first passageway. 

26. The apparatus of Claim 24 wherein said viewing 
means comprises a microscope. 

27. A method of determining in vivo the 
deformability of red blood cells of a living being comprising 

the steps of: 

(a) coupling sampling means having a passageway to 
a blood vessel of said being to permit the 
monitoring of a portion of the blood of said 
being flowing through said passageway at 
substantially the time that said portion of 
said blood is flowing through said vessel; 

(b) monitoring said portion of said blood flowing 
through said passageway at said time; and 

(c) determining the deformability of the red blood 
cells as a result thereof. 

28.. The method of Claim 27 additionally comprising 
maintaining the temperature of said blood portion as it is 
monitored . 

29. The method of Claim 27 additionally comprising 
isolating said portion of said blood f rbm the- "'^ a^ 
atmosphere as it is monitored. 

30. The method of Claim 28 additionally comprising 
isolating said portion of said blood from the ambient 
atmosphere as it is monitored. 
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A method of determining in vivo the 
deformability of red blood cells in the blood of a living 
being, said method comprising the steps of: 

(a) extracting a portion of said blood from saxd 
being into receiving means, said receiving 
means comprising a first passageway for said 
red blood cells to freely flow therethrough, a 
restricted passageway coupled to said first 
passageway and whose cross sectional area is 
smaller than that of a typical red blood cell, 
and a second passageway coupled to said 
restricted passageway for said red blood 
cells to freely flow therethrough; 

(b) causing said portion of blood to flow through 
said passageways at a controlled rate; 

(c) determining a first pressure differential 
between two longitudinally spaced apart points 
in said first passageway; 

(d) determining a second pressure differential 
between two longitudinally spaced apart 
points in said second passageway; and 

(e) comparing said first and second pressure 
differentials to provide an indication of the 
deformability of said red blood cells- 
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32. A method of determining in vivo the 
deformability of red blood cells in the blood of a living 
, being comprising the steps of: 

(a) extracting a portion of said blood from said 
being into receiving means, said receiving 
means comprising a first passageway for said 
red blood cells to flow therethrough said 
first passageway being of tapering cross 
sectional area and having an upstream end 
whose cross sectional area is greater than 
that of a typical red blood cell and having a 
downstream end whose cross sectional area is 
less than that of a typical red blood cell; 
i^l (b) causing said portion of blood to flow through 

said passageway; and 
(c) viewing said red blood cells at different 
longitudinal positions along said passageway 
to provide an indication of the deformability 
of said red blood cells. 

33. The method of Claim 31 additionally comprising 
the step of maintaining the temperature of said blood portion 
as it is monitored. 

34. The method of Claim 33 additionally comprising 
the step of isolating said portion of said blood from the 
ambient atmosphere as it is monitored. 

35. The method of Claim 32 additionally comprising 
the step of maintaining the temperature of said blood portion 

as it is monitored. 

36. The method of claim 35 additionally comprising 
the step of isolating said portion of said blood from the 
ajiOJient atmo^^ 
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